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63293-2601 

Thin invention relates to a nicthod and apparatus tor 
heating a.\\ elongated space or a location containing, an elongated 
h^utor, Hors ysrticulauly, the invention relates to ui> *lec?trJ.ci*i 
resistance he* tar for heating an oionsatad subterranean fcoruhola 
At ratou which are different at different depths ot the borehole, 

;tt J.ft known to bo borjoticial to us* &Longat«d heaters 
uuch as well heaters, for heating intervals *Z subterranean earth 
£o.tmaul.on^ p pipo interiors, or other elongated spaces. In various 
it nations, tt is desirable to heat such e-pacea at. relatively high 
io teoiperfctuTfta tor relatively long tifte«. Beneficial results 
ohtsinod by 9uoh heating may include pyrolialog oil shale 
formations, ookiog oil to consolidate unconsolidated reservoir 
formations, coding oil to form electrically conductive carbonized 
.zones capable of operating ae electrode* within a reservoir 
£ottftat£on, thermally displacing hydrocarbons derived fro» oils or 
tsra into production locations, preventing forftation of hydrate, 
pr^i; J.pitatcs, or the hih« in fluids which are being produced from 
w*lls and/or tra^BxUtted through pipes, or tb* liKe. 

The Invention aifl.d to provide a heating apparatus which 
20 J.c capable of generating heat at different rates at different 
dftpr.Up in a veil. 

In accordance with the invention there is provided in a 
procesa in which subterranean earth formations within an intorvcal 
rcoro thnn 100 fost long are heated to a temperature of more than 
600°c . , so that heat ia injected frubetantialiy uniformly into that 
Interval \ an irfiprOvofliant for constructing and installing a beater 
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having n electrical cable heating section which is free of 
ftp.Hces, GOiiprisijig ; constructing &*uid heating cablo taction by 
compressive Ly Hwagiiwt at least, one portion of a }uaotion-tree 
electrical beattug catolft to rodueo ita situ at said at luaj;t ona 
portion, said cable ia at least ae long as the ftaxrth formation 
.Interval to be heated and comprise an axially aligned, malleable, 
electrically conductive core surrounded by granular mineral 
insulation within a matal aboath, so that avaped portion <ronerates 
heat at a irate higher than the unsvaged portion; correlating the 

10 location 01 said SYf&girtfl with the pattern of heat conductivity In 
the earth formation interval so that, at IfeARt one eomprefi&ively 
«\?aged portion of the cflbla 1* located aloni; tho cable in a 
position auch that, when the cable ia exteuded along the savtfc 
formation interval to be h^aton, tho comprint v»ly sw*go4 portion 
is adjacent to a portion of the earth formation interval In which 
che beau fionductlvC ty is relatively high> connecting oa.id 
selectively swayed heating cable aection to at leaat one pawer 
supply cable and spooling the interconnected c&blea; and 
unf;pooli/lg the. interconnected cablea into a «el3hore along with a 

ZO weight" supporting metal conduit while iperlodicaO iy attaching the 
cableft to the conduit and extending the cables and conduit to a 
depth at which the con.pre actively swaged portions of the cable are 
positioned adjacent to tua oarth formation:* having a relatively 
hi?ti thermal conductivity. 

vhe invention will now be *>cplained In more detail wj tn 
reference to the accompanying drawings, in arhichi 
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Flgura X is a throe- dimensional i lluwtxatioiV Of an 
electrically conductive cftnte.iniug staged and un*wsyod 

portions suitable fox use in the present invention. 

stgur* 2 sohe^atioally illurtraces tbe tnertslling of an 
oloctrical jcesictance heater withirj the well In acc;or<3«ncro tfitn 
the pce&ent tcvveutlou. 
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Figirre 3 3fccwo a splice between a natal-shaatfisci insula tea 
po*ir supply c.*ble and a ratal- short tted insulated cabiUi suitable A* 
a beating element of the presont invention. 

Fi<nires & illustrate splices for electrically intBr- 

5 connecting the coxkictive corea of a pair o/r nefcal-shftarthea minexal- 
insulated heating cables suitable* as balng cabJ.es in the present 
Invention. 

figure 6 shows an olcctrlcal power supply circuit 3Uitabte for 
use in the present invtititlxxi. 
•IjO Tte present invention is at itaash in part premised CO a 

discovery that the prop«rtio& of an electrical oocidoctor (six*! as a 
iretal-shoathed solid raterial-insuLs-ted electrically conductive 
cable containing a single copper core) are surrh that results of an 
afpli cation of ocopre33iVfS swaging to tba citsicbc of the suetal 
15 E^ieath are transmitted through the insulation bo thi> core of I'.lte 
ceb.le in a manner Buch that OftCh of tbese oenporjeats ara 
substantially simltttiecosly reduced ir\ crre?s-«ae:,t.iunaL ^irea by the 
S5CTO relative amounts* The reductions Ln the cable core cross- 
uscttanal area can be controlled to cause the swaged portion of tho 
20 cable to generate a significantly higher amount ot heat per unit 

time than that which would have beer cjfinorated without the swaging, 
avion at a substantially loner te^eratorei. 

In a pro for red ecrbodJrneirt of the invention, such a swagirvf is 
•loos by a process of rotary swaging, amounting to oouprossiJig the 
25 coblo with many MjOng applies by rotating dies, itotatlng swaging 
defines and techniques dro known -and ccnflwrcially available. B\ich 
irachinaa ocaironly contain two die? which reciprocate rapidly as a 
spindle in Vhich th^y ,aru motjntod ic rotai^L f\ ccenpresaive rotary 
swaging operation involves a hsnznexing -action which has tha sarce 
30 bfmatficlal raaberial, on sueta.1 as forging. It produces a desirable 
grain structure resulting * n 311 increased teneila strength aivJ 
elasticity. The cold (la temperature) swaging tendB to work harden 
goat itetallLc materials* If desired, such a hardening c\nn lf&de 
more flexible by annealing. 
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\n a rotary swagijvj operation, the extent to which the swags* 
material :a reduced In crras-secticnal area can 1>e controlled very 
accurately. For eisawplo, sinco a cnetal-sbaathed solid material- ■ 
insulated op^r -cored olccfcricaUy^ccjiajacti</c cable beNwp.B as a 
*3 solid if-atcdai during a rotary swaging c^eraticn, such a cabte 

havirxj a dlsfnofcex of from ahout 0.69 to 1.25 an can be avaged Co a 
reduced ciiarffitor with ai) accuracy Gt abort p).UB or minua 0.0023 cm. 

figure 1 illustrates swaged and unswauged portiona of a 'cable 
preferred fior ubb in the present invention. In tlie oabJ>5 shown, a 
10 etainlosa steel sheath 2 surrounds a mineral insulation 3 

consisting of highly nomorassad grains of itsgneaiun) oxide and a 
Holid conductive care 4 of substantially pare cepper i& 
concentrically surrounded by the insulation and aheath. In a cable 
of the type shown, where thft inner and cuter dianetexa of the 
1>> pheath 7, *iro 7,25 and S urn and thu diaitotar of the cox* 4 ia 3 nm, 
iu the unewaged portion, the cebte may 9=3iaratB a temperature at 
about 600 *C r >foen oandocttny 180 eireentBS of altcmaitir^ current-. 
Hovjever, ii> a swaged partial of tJie cable having a diameter reduced 
by 1G$, a teoperaKiira of about 850 *C is gereratoad wheel tho coble 
20 \ a contJuctlrjg the ssroe cajirrent in the saite environment* 

In a oroHerred enhodurent, the pine son t Invention can be 
utili2ed for providing a formation-tailors:* irethed and apparatus 
for uniformly heating long Intervals of subterranean earth 
formationa at high tcirporature. ^conrdinq to this netted 
25 si&terranesrt intarva?^ are heated with an electric heator 

containing 'at .least ana spoo.table steel-she^.thei mineral- Insulated 
cable having a solid central core of high electrical conductivity, 
Such a unblo can be arranyei to hecit tha earth forma Ciena ao tlwt 
haat i*; transmitted into the fanrotions at a substantially uniform 
3D rate, even when the heating involves mora than about 330 watte per 
metre at tei*jer£itiiros between atoogt 600 and 1000 *C. Tta£ unifarMty 
of the hent tridifirtib'Sion is ensured by providing the heater wf.fch a 
pattern of electrical raoistances with depth within the well 
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correlated *ith tlie paccemi of heat cxnuiitctiv.tty wUh depth withui 
the aijrvounding earth for/oaticcns , 

Figure? 2 showa a pretforred eubndiirejit of a wall heater of the 
present Invention bainy installed within a well. Aff tflCWl, a pair 
5. of selectively swwjddt bitter cables vith swngad arxt unawa^ed 
portions ttee typs ^icwn i.n Figure X sre being unfilled inoo a 
*oli frc*n spooling meana 5 and 6 while a support iremfcer 7, such as 
a wira lino or spoolable metal conduit, is ooncw'rerYtly unapoolcd 
j.rrto the xell from a spooling means (not fcnewn) . Trie Aower and of 

10 the support neons 7 i3 aUtar-hed to a motor KC**VH 9, siv* as a 

sinker bar for a vertical well or a eixnpetbla or other raocor means 
for 5i substantially horizontal wU. ?ne lcw«i* ends oX the heating 
osble, flvageS portions lb/ are uecbanlcally attactied to A cabLe 
junction or enrK" enactor 9 in v.-hlch the conductive, doteb arc 

15 eleetric&lLy interconnected (as shown in acre detail in Vigure 4> . 
Tba juration 9 is a lan tn&ixanically connected to the sopport'. ne^ber 
7, for ^caoplo by a strapping rneanB 12. The lewar onds of the catale 
porticos, *ihlch are swaged for increased heating, arc electrically 
infceroonnaatad in the enrt connector 9 and positioned to extend 

20 through the zone etaleftad for reooivirjg the increased heating. 

tfl» unswaged portions la of the beattr^ cables, designed for 
minimal heating along *th© sons to be heated, are positioned to 
extend above fcr* swaged portions lb for a distance sufficient to 
reach a zone, which is cool enough for an intGroonr^c't.i/>n of tl'-e 

2- 5 heating cable poctinviB la with powar supply cables 10 by iwna of 

joints or eplio&s 11 for electrically and juachaijically inter- 
' c-armestixg the pcw&r supplying ar4 beatirjg cablua. lb© power aiFP-lY 
cables 10 ore arranged i!or carry irjg a selected amount of current 
while generating ojiiy a ittinliml aroount of heat, Tba details of 

3- 0 suitable mechanical and electrical cable connecting' joints for tiea 

with uatal-shfiathed minaral-insulattd power supplying cables are 
illustrated in Figure 3« 

as the boating and power aupplv cables 1 and 10 are run into 
tho wail* along with eJie wight-supporting strand the cables are 



hup://patents I .ic.gc.ca/fcgi-bin/any2html 



11/7/2001 



01253555dis.afp Page 7 



Page 2 of 3 



period irally attach to tbs strand 7 t3^ r u^ana of clones or 
^troppinq ati&ns 1.2. Sunh clan ^5 *irc* arranged for creartiiiy 
friction between the cablea and strand which is sufficient to 
support the veignt of the lengths o± tha cable? wtxich one lifted 
5 between the clamps. 

Figure 1 illuati\>itGS details ot preferi^ arrangwentH of 
splices lli fij? shewn, thz power supply cablu 10 haa a metal sheath 
14, such as a ceppar sheath, surrcwuliug *n insulated olectricaUy 
corxSuctivs core 13 having a combination of or c«b^ sectional area and 
10 electrical resi 5tar.ee per unit ol f lengch adapting it to carry l£» 
current bo be used \i\ the heating cpcrat.ion white generating enly 
an inaignificfliit amount of beat. A* shewn, the power cable Sibaath 
14 aa veil as a pewer cable core 13 c^ro larger Chan the ataath 2 
and core 4 of the unsw\god port.tcn of luting cablo la. The 
15 conductive cores of the cable are electrically interoenncctedf 
preferably by wsJdirxj, In general, the pewer cable can oarprise 
substantially any typa of electrically conduct ive cable which S3 
adequately heat stable at the te/rperature generated by the minimum 
heating portion ofi a beating cab La such aa la. Where rhe Tvsxifluia 
20 selected tasting teapfcraturo is sufficiently lew and/or tte 
dist^vre batTrf&en tha power supply and zena to ba tscated to 
adequately short, the ccv^r supply cable can can^orisa a iro tal- 
lica thed mrjeral-iii^latdd ^-oli^-corcd cable which is sfilflctivcly 
swaged to pruvicte tlxD elected heatirg temperature aa that no 
?J5 splices gix*h aa eplicaa 11 oro naoded. 

A3 shown in Figure 3, a relatively chart sleeve 15, au^h as "a 
steel fflttfve, .15 fitted around and waldod or braced, or otberwiso 
iMKshanieally attached, to the sheath 14 of the power cahte 10. Xbo 
aleeva 15 is preferably selected to have an inner diameter f owning 
yd an annular space between it and aheath 2 large- enough to 

Acoanrcdate a shorter steel sleeve 16 fitted around the sheath of 
KY& cable la, Xn a pnoiurrea as-wiM-ing prooaiure, before inserting 
the short .sleeve \S t ewbscar/tially all of the annular e£?.ca between 
<±e cable core *«ifeei-R 4 and 13 and olceve 1.5 a a filled witii a 
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povdererl mineral insulating material such as magneaium GKidfc. The 
insul&eing material i& preferably deposited v/ithiri both hhe annular 
space between Uia cable core? and the sleeve 15 its w.U as tha 
space between the bI^bvc 15 and the Bteath 2 of the cable la, and 
f. vibrated to oewpact the mass of particl.es. Sleeve 16 oftji tJien be 
driven Into tre spaua berb*^cn the sleeve 15 and a heath 2 so that, 
tha mass of tcdliersO. insulating particles is compacted by the 
driving- force. Sleeves L5 and 16 and sheath 2 are then welded or 
braced togetlzar. 

10 Figure 'I illustrates details of an end connector or splice 9. 

as shew, cables lb una extcr/ted thrraigh bolea in a steel block 9 
so tSwt stxxrt sections lc extend into a. cylindrical opening in die 
contra], portion of tl>a block. H\c electrically conductive cores of 
the cables axe welded together at weld 17 ana the cab.le snaths are 

1? 'x^ldsd to block 9 at we Ida IB. Prufcr^bly, the central conductors 
af the cables are snrrcOTdad by 3 heat fitfblc olecmca* insulation 
such ae □ cutisa of craapacDed pcwder<-rd mineral particles and/or* by 
disc? ot ceramic roatsrialH (not shown) , after which tha oantral 
opening Is sealed , for example-, by velding-on pienea of a teal (not 

20 shown) . VJhesre the heater is supported, as sfcram in Pigura 2 f by 
attaching it bo an elongated cylindrical structural member 7, a 
groove 19 is preferably famed along zu: exterior portion of end 
Bpiios 9 to mate with tha structural meautor and facilica-be the 
attaching of the end pteoe bo that member, for example, by a 

2^ strapping m^etfifi 12. 

Tigure 5 Bhuws a preferred type of end connecter which 
eliminates the need for fitting and walding a hea-Lef Ciiblj© to form 
a pair of heater cables, such as cables. 1.15. heater cable is 
sljrply bent incn a U-turn and [flechantoRlLy clamed to block 20 by a 

30 bolbed-au cl^nping plate 21. The. blocx 20 is preferably provided 
with groove 27. to facilitate tha c.lanping of it to a cylindrical 
structural msnfcex such the cylindrical onerahor 7 shown in 
Vigure 2. 
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.in general, rlv* power supplying elements cm ccoipriet; 
aubBtantially any H: or XX2 sy&tGm cfcpsble of cauaring a haator of 
fcha present type ro heat at tha ©elected relatively high rate*. Sush 
a beatirg rata a*r> be about 330 w^ta par netre or hjotr. 
5 Figure 6 is a diagram of a preferred &rran?eaeufc at 

alternating current olectrioal power aupplylng element* suitable 
for the prsaent typo of heater, 'fhia arraitrjH/ftsnt Includes two 
inverse, parallel, si Uoon-contr oiled rectifiers iSCBs) in the 
circuits on tofch elements of a twoHslenesit heater. In such a 
10 balanced syst£cm the heater lugs should be of equal resistance .90 
that tha CttbLs- core junction, point A, (within end connector 9) can 
raisin at 2oro voltage or virtual ground potential. lfce sheaths of 
the beater cable* aire connected to tha grounded centre rap of -the 
trans £ornisx HFcnndary. Since point A repreoente- tha waldad 
15 ccraGCticn wifcnirj the end piaco 3, the potential difference bctxieen 
'the ccnr.CCtlon and the housing w?.ll bo Zero tor all practical 
purposes. Thsse points could be in electrical contact without any 
c endue t Ion of current* At points advancing upward along tha lege of 
the heater, the potential differ ewoe betwsan tho Shaaths and the 
2D central conductor can increase and finally reach cnaxiounia such as, 
plus or mirrut 240 V. 

In various situations in which an elongated space La to be 
heated, titve in aittt thermal ccriducticri ray vary a-igni.ficoritiy 
within various- iayars or locations alcugr that space. A mora hoat 
25 condiscfeive layer will carry off th* hoat generated by a heater 

laster than a less conductive layer. Au a result, tne teirveratura 
xaaintained by an electrical LtiBistanee )ioater carrying a given 
amount of current will \& lower ccpoaite u mors ccsnductive layer ► 
In situations In which it is desired to nHintain a flat or uniform 
30 beating rate along the space bcd.rjg heated, it ia daairablo to 

reduce tbe heater oore cross-ssoticoal area in order to generate 
heat at the aane rate *is that in OtJier portions of the heater whJch 
are liotter , 
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An electrical resistance heater can be C2.uet*d bo generate 
selected hc?arttr/4 ratefl at different IccatinnB alceig the heater )ry 
installing boater sectiona acntninlryj conductors af varying cr-osv- 
ae-jtions. 'ttie anWiLl^ core or COQviuctor cross-sectione- exhibit ivore 
5 resistance to tha electrical current flew and thua generate teat st 
a rate higher than wculd be generated by a thictor core at the. 9wa 
ten^arature. Par exaaple, it can heat at a solocte<l rate at lo«cr 
tenparature existing along a relatively more Kent caxSuct.ive Layer 
or son*: v;ithin the apace, taitvg heated* 
\0 Tbo present invention provider, a method of causing a heater 

havir-jg an olectrically conductive core which ia continuous axvi 
unitary to generate constant and/or selected aramta af heat alctvg 
one di: a multiplicity of different portions of the heater without 
requiring a auLfcitude of heating cable splices. Particularly where 
15 tho heating is to ba conducted at- relatively high beo^eratiTrea for 
long tiires, velding prohleras and opportunities fior loakage are 
inherent in any cutting and splicing of electrical haatingr cables, 

In respect to an electrical resistance hsater comprising a 
pair of electrically iiiterconniictsd jnatftl-sheathad solid imtcrial- 
20 insulatest cables each containing a malleable metal, el«ctric3lly- 

conductive core, foiar sets of rnrfcary switching dies can be arranged 
for yrotfidlntj yoroentages of <3iairetrical roducticrjs of 6, 12/ IB 
and 24 in the initial overall diameter of aach cable ani ita 
conctG.-rtive uoxa. By reducing portico of the cable diameter by 
6% and another by 12* , the overall reduction is 9* . By such 
procedures, the overall cross -sectional reductions for both legs of 
the heater can te provided in oight srepR of roughly lot each, £?or 
eocaffple, sec the fallowing tibia: 
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D.tAMBTftlGATi REDCCiarw O^S-K^OT/CtAI, REDUCTION 

LSG 1 LEG 2 OOift S'EGS 



0 


6 


11.6 


6 


6 




6 


12 


34,2 


12 


12 


45,1 


12 


1.8 


55.3 


18 


19 




1.8 


24 


75.0 


24 


24 


84.5 



in such a procedure,, if the $bove-deecribed prtaforrGd power 
supply is to be used, it is nacsssary that each leg of tha heater 
after reductions iu its cere diameter have en overall reaiatance 
equalling that of the other leg after reductions in its cone 
5 diamEter. This is nocessaxy to ensure thfl zero voltage potential of 
the interoOJirtOCtaJ conductors in the end piece. TViua, it is 
iieceaaaxy to divide the overall extents of electrical care 
reductions evenly over both laagtto of the heater, 

Substantially any occira'osiiive svaqio? procedure which is or J. 3 
10 substantially equivalent to rotary swaging can suitably ba used in 
prarrttsirug the present invention,, J&ami>les of waging 1 ipachioas 
and/or techniques which can cuitably to used ace .inc lustra of dio 
closing swaging machiiies, such as those jr:mufacKured by The 
Torringtco Cu:npany f or Abbey ftetna ^ chine Ctarpany or Fe*m 
1.5 wnofacturirjg, etc. 

Etwer au^ply cables capebLe of traco suit ting the awoum; of 
current selected to be used whiio generating only a relatively 
insignificant amount of heat and having sufficient thermal 
stability for electrical and KOCtowiicBl attachment to tha mortal 
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^heaclied cable SGluctefl for generating a [OiniflUio awcwnt of heat can 
suitably be used in this Invent-vcm , Exanplas of sash cableR inclutte 
those ava.i.l3b3je as D ICC/ Pyrotoriac MT rabies. 

la gcoeralr in a situation In which an electrical conductor 
5 need not fco Insulated, the present Invention can be practised vtch 
substantially any eXectricol conductor which ie continuous and 
unitary (i.e. is a continuous bcdy froo of iaterccnnected'is&gif<33it3 
ox strands) and ha* a core or conductor thickness (.i.e. a crotss- 
sectlcoal area of th*> electrically conductive* ireterlal) Nhicb is 
10 differrent in different locations along the length of the electrical 
conductor, Preferred electrical conductor a canqprise zivql* 
conductive con=*a of malleable metal 9 or alloys surrounded by a beat 
atablo solid Insulated material wiUUn a heat stable xatAl sd\eath 
such as rei ractory pewter or solid fibre insulating materials 
\5 w.ifebiu copper or stool sheaths* A copper core surrounded by 

powdered uiagnsaium oxide within a copper sheath for use at moderate 
temferaturag, or a. stainless steel sheath tor use at ivtgh 
torpor a tur e a , is paxticuLitrly preferred, 

In general, the present invention can t*e utilized to initiate 
20 ani iraimtaln a substantially uniform rate of lieating along a space 
containing at least one portion having a relatively to* rata ofi 
]iea,t conductivity and/or to establish and n&intftJn a relatively 
higfa rata off boating along selected portions along a specie 
. throughout ^hich the rate of heat conductivity is neor.ly uavfevrrn- 
25 Ite variations in hasrt conductivity with distant &l£«g an 

elongated path can be determined by meansi of mjraerous knewn and 
available d^ : /icsa and techniques. 

in a particularly prafurrad procedure for utilizing the 
present invention Cor heating along a path along which the hyit 
30 conductivity is nonuniform, a telectioii is made of the rata of 
beating bo bo providfisd when an electrical conductor having the 
ccmpceiticm to ba used is conducting the amount of current to 
used within zi hortogonocus medium having the lowest heat 
conductivity to ba snootmtcred a Seng the path to be heated- The 
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maxiwuw thicknaatf for t'ne electrical conductor to ba is then 

the bb\c!cneaa which provides that rato of heatir.g in th&t 
situation, 'ihe thickness of. portions of the conductor to b» 
poaitianed along porticos o± the path which have higher heat 
f> conductivities are then itcdo thinner to an extant substantially 
carpenGating for Cba irora rapid cortfuctiragvaway of tte heat by 
those higher haat oaoidurtlvitUs. 

Alternatively P where it ia desirable to generate heat at 
relatively rapid rates along portions of a peth to bs boated (for 

10 example, along tcp and hot tan portions of a mibterrane&n oarth 
fonnariLm) such an arrBngenent can ba ft&da, a.Vtha.igh the. heat 
ccsvductivity may be substantially uniform all along the path to 1*? • 
he a tech 'Ite conductor thickness and resistance to be uesd along 
mast of tJie cab.le conductor are selects to provide the se-i^cted 

t5 rata of heating along a hcrnogensous ttiafcerial having the hci&t 

cc«3uctivity cjjutco to neat of tho interval to be hea-ted. Then, r.fca 
trore rapid heating rate along 9G]«±edl portions of the path can be 
obtained by thinning the portion* of tha conductor to ba extendad 
along those port ions, oil the path* 
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THE SM&orUNttJITS OF THE INVENTION IN WHICH AH EXCLUSIV3 
PftOPBRTY OR ?RIVILSGB 13 CLAIMED LRU OBPIHBD AS it'OlLOWSt 

J.. In a p rocs as in which subterranean earth formations 

within -an interval more than J.00 £eet long are hOKttxi to a 
temperature ot noro than 600°C. f so that heat is injected 
substantially wnX forj/.Ly into that interval, an improvement far 
constructing and Installing a neater hsving an electrical cable 
heating section wMoh i& £ree of Bpliccfc, comyriftlngi constructing 
Sftid: h^atJ.fl^f cahle Section by compress ive'ly swaging at least one 
portion of a juootion-tre e elect cicall heating cablo to reduce its 
&i2& At Bald at least one portion, said cable iB at least aa long 
as the earth formation interval co be beated and fjomprtsfttt ah 
axialXy aUgned, m&lleahia, olsctrically conductive core 
surrounded by granular KUne^al insulation within a net&i shedth, 
bo that &wage<1 portion g«n*r«itcs heat at a rato hiojher thcin the 
unpaged portion; correlating thfi location of said swaging with 
the pattern of heat conductivity in the aarth formation interval 
BO that at Lu&at one compresaivoly swaged portion of the cable ir. 
located along the cable in a pOHiUion BUCh that, wh*n tho cable in 
sstended along Ctn« earth formation interval to be heated, the 
coiaproHsd vely sxsged portion la adjacent to a portion of tUc earth 
£ orm at ton interval in which ths heat .conductivity is relatively 
hlffh) connecting- said selectively sv:*gert heatlnqf cable acction to 
at least one power Supply cahie *ind ripoolincr the interconnected 
cables j and unapooling the interconnected cabled into a wellborn 
along with a weight- supporting metal conduit vhilo periodically 

v." "S 
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iUtacMog ttie cahJLef* to tlxR conduit, a.ud e ac t. e ndk i n cj the cab.Tea and 
conduit to a dopth at which the coitip censivoiy tfVased portions wl* 
che cable -are po« jltioriftd adjacent. r,o tlu earth £<irnat;AonB havlog 
relatival? high tharmal conductivity. 

SMART fr BIGG AH 
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ISBYHSCG RATS VARIANT 
ELQKGKTED ELECTFtCMi [{EATER 

An electrical resistance beater capable of gtsoorafcing lieat at 
different rates at <ii.fferierjb lcmtioorts a.lcn? ita length ocjcptrisss a 
continuous arid unitary electrical oanducbor hawirq a thickiiiiS3 
vjhictfi is different at different locations along ±ts length. 



CTEB04 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGD3LE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

0 REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



